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\ new claim 33: 






33. An ultrasonic motoi 
wherein the support member compris 
disposed on opposite sides of the 


■ according to claim 1; 

>es a pair of support members 

piezoelectric vibrator. 






A check in the amount oJ 
the cost of one additional claim : 
paid for. Should the check prove 
authorization is hereby given to c 
our Deposit Account No* 01-0268. 

By this amendment, indef 
amended in a broadening respect bj 
limitation reciting a "pair of suj 
support member--. New claim 33 ha 
canceled claim 23 and dependent c] 
amended to depend from claim 33. 
amended claims are attached heretc 

As described below, the 
claim 1 herein is not believed to 
finding of patentability of claim 
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:harge any such deficiency to 

tendent claim 1 has been 
' replacing the claim 
>port members with — a 
ts been added to replace 
.aims 24 and 26 have been 
Marked-up versions of the 
). 

minor amendment made to 
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The present invention relates to an ultrasonic motor 
having improved vibration efficiency. As pointed out by 
applicants at pages 1-2 of the specification, a conventional 
ultrasonic motor utilizes an elastic member to resiliently 
bias a piezoelectric element against a moving member to 
efficiently transmit a drive power due to oscillation of the 
piezoelectric element to the movable member. The conventional 
ultrasonic motor relies upon the ctxpansion-and-contraction and 
f lexural vibration of the piezoelectric element to drive the 
movable member and uses signal lines to transmit drive signals 
from a circuit board to the piezoelectric element. 

The conventional ultrasonic motor is typically 
installed on a circuit board by means of a support member 
which holds the piezoelectric elenent to the circuit board, 
and signal transmission extends between the circuit board and 
the piezoelectric element for applying a drive signal to the 
piezoelectric element* 

As further noted by applicants, the use of the 
support member, the signal transmission wires and the elastic 
member results in a significant less in expansion-and- 
contraction and f lexural vibratior of the piezoelectric 
element. Thus, the general structure of the conventional 
ultrasonic motor lends to inefficient transmission of drive 
force from the piezoelectric element to the moving member and 
impairs the electric-to-mechanical energy conversion. 
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drive force is efficiently 



The present invention provides an ultrasonic motor 
with a reduced loss in the drive force produced by a 
piezoelectric element so that the 

transmitted to a moving member , and facilitates a size 
reduction and improvement in relisibility by eliminating 
unnecessary components from the motor* 

In accordance with one cspect of the present 
invention recited by independent claim 1, the ultrasonic motor 
comprises a movable member disposed to undergo movement in 
response to a drive force, a substrate having a conductor 
pattern for conveying a drive signal from a drive circuit, a 
piezoelectric vibrator provided on 
undergoing oscillating movement in 



signal so as to contact the movabl e member and thereby 



generate the drive force for driving the movable member, and a 
support member provided on the substrate for mechanically 
supporting the piezoelectric vibrator on the substrate and 
transmitting the drive signal from| the conductor pattern to 
electrodes of the piezoelectric vijbrator. 



in claim 1, the support 
supporting the 



By the structure recited 
member serves the dual function of 
piezoelectric element and transmitting the drive signal from 
the conductor pattern to the piezoelectric element* As a 
result, there is no need for conductor wires extending from 



the substrate for 
response to the drive 
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the substrate to connect the driv4 
piezoelectric vibrator, and 

A significant aspect of 
independent claim l is that the 
ultrasonic motor undergoes 
the drive signal so as to contact 



oscillating 



thereby generate the drive force for driving the movable 



circuit and the 
vibration loss is reduced. 

the invention recited by 
piezoelectric element of the 

movement in response to 
the movab le memb er and 



member. The prior art of record fiails to disclose this 
subject matter of claim 1. 

As noted above, the conventional piezoelectric 
ultrasonic motor utilizes an elastic member for biasing the 
piezoelectric element in contact with the movable member and 
conductive wires for conveying a drive signal produced by a 
drive circuit to the piezoelectric 
separate components to accomplish 
increase in the size of the ultrasonic motor and a loss in the 
expansion-and-contraction and flexural vibration of the 
piezoelectric element. 

The present invention rebited by claim 1 overcomes 
these problems by providing an ultrasonic motor in which a 
Piezoelectric element directly contacts a movable member in 



element. The use of 
these tasks leads to an 



response to oscillation thereof anjcl 
The claimed invention also eliminates 
conductor wires and a support member 



drives the movable member, 
the need for separate 
by providing a support 
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member capable of serving as a conductive path. According to 
the present invention, the support} member not only supports 
the piezoelectric element on a sukfstrate, but also has the 
ability to transmit a drive signal to the piezoelectric 
element so that no conductor wires are needed. 

Thus, in accordance withj the present invention, a 

I 

piezoelectric element comes into a|nd out of direct contact 
with a movable member to cause thd movable member to undergo 
movement. The prior art of record) does not disclose or 
suggest this aspect of the invention. 

The support member is preferably formed of a 
resilient material or has a flexible portion so that it 
resiliently urges the piezoelectric element against the 
movable member, thereby eliminating the need for a separate 
elastic member to bias the piezoelectric element and movable 
member. Accordingly, the present [invention makes it possible 
to substantially reduce the size ojf the ultrasonic motor and 
reduces the loss associated with t^ie use of multiple 
components as described above • 

I 

Claim 1 is not anticipatjed by Katsuma, Miyazava or 
Vishnevsky 9 580 or rendered obvioujs by Miyazava, Vishnevsky 
'580 and Katsuma. None of these references discloses an 
ultrasonic motor in which a piezoelectric element comes into 
contact with a movable member to djrive the movable member as 
recited by independent claim 1. 
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3. 

9 580 fails to disclose a 
a substrate for undergoing 



For instance, Vishnevsky '580 discloses a 
piezoelectric motor having a stater i and a rotor 3. The 
stator 1 has a housing 7 and a piezoelectric oscillator 6 
mounted to the housing 7. The piezoelectric oscillator 6 has 
a piezoelectric cell 9 with electrodes 13 and pushers 10, each 
pusher 10 having one end secured to one flat surface of the 
piezoelectric cell 9 so that a gap 14 is provided between the 
piezoelectric cell 9 and the pusher 10. The other end of each 
pusher 10 rests against the rotor 

Accordingly, Vishnevsky 
piezoelectric element provided on 
oscillating movement in response tjo the drive signal so as to 
qontact tte *Qvafcl9 »3Pber and thereby generate the drive 
force for driving the movable member. In Vishnevsky 9 580, 
elastic members, or pushers 10, are interposed between the 
piezoelectric cell 9 and the rotor 
movement of the piezoelectric cell 
the rotor 3. 

Miyazawa discloses structure similar to that of 
Vishnevsky • 580. For example, in the ultrasonic motor 
illustrated in Fig. 7 of Miyazawa, 
is formed on a bottom surface of a 
has projections la-1 extending therefrom. The projections la- 
1 are disposed on a top surface of the stator 2-1. The 



to convert the vibratory 
9 into rotary movement of 



a piezoelectric element 3-1 
stator 2-1. A rotor 1-1 
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Katsuma is similar to that 



piezoelectric element 3-1 is formed on the bottom surface of 
the stator 2-1 and never contacts the rotor 1-1. Thus, 
Miyazava does not disclose a piezoelectric element provided on 
a substrate for undergoing oscillating movement in response to 
the drive signal so as to contact j the movable member and 
thereby generate the drive force for driving the movable 
member as required by claim 1. 

The ultrasonic motor of 
of Vishnevsky '580 and Miyazawa arid the reference does not 
disclose a piezoelectric element that comes into contact with 
a movable member as required by independent claim 1. 

Nor do the references disclose or suggest a 
substrate having a conductor pattern for conveying a drive 
signal from a drive circuit, a piezoelectric vibrator provided 
on the substrate, and a support member for supporting the 
piezoelectric vibrator and transmitting the drive signal to 
the piezoelectric vibrator as required by claims l and 20. 
Nothing in the cited references wculd have suggested this 
combination of elements. 

Since Vishnevsky 9 580, Kiyazava and Katsuma fail to 
identically disclose the subject natter recited by independent 
claim 1, the claims are not anticipated. 

Nor do the cited references suggest any 
modifications needed to replicate 



the claimed invention. As 
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described above, the ultrasonic m<f>tor of claim 1 has a 
piezoelectric element that comes into contact with a movable 
member and that is provided with a support member that 
transmits a drive signal to the piezoelectric element so that 
no conductive vires are needed, !]%e inventive ultrasonic 
motor of these claims has an improved driving force, a reduced 
vibrational loss and smaller dimensions as compared with 
conventional ultrasonic motors. ]!n the Fig* 1 embodiment, the 
piezoelectric vibrator 10 generates a rotational driving force 
in response to a received drive signal. A drive signal for 
driving the piezoelectric element 10 is transmitted along 
leads 7 to a support member 11. ihe support member 11 
supports, and is in electrical connection with, the 
piezoelectric vibrator 10 on the Substrate 8. Thus, the 

i 

support member is effective for bcfth supporting the 
piezoelectric member 10 and for transmitting the drive signal 
from a conductor pattern formed oii the substrate to the 
piezoelectric vibrator 10. The mcjv^ l* tn^mfrer 12 contacts the 
piezoelectric vibrator 10 and movis in response to the 
vibrational driving force . There is simply no teaching or 
motivation in the references for making any of the 
modifications necessary to achieve the claimed combination. 
Thus, there is no support for an obviousness rejection of 
claim 1. 
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In view of the foregoing amendments and discussion, 
the application is now believed to be in condition for 
allowance. Accordingly, favorable consideration and allowance 
of amended claim 1 and all other pending claims are most 
respectfully requested. 

Respectfully submitted, 

ADAMS & WILKS 

Attorneys for Applicants 




50 Broadway 

31st Floor 

New York, NY 10004 

(212) 809-3700 
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IM THE CLAIMS I 

Claims 1, 24 and 26 have been amended as follows: 

1. (Four Times Amended) An ultrasonic motor, 
comprising: a movable member disposed to undergo movement in 
response to a drive force; a substrate having a conductor 
pattern for conveying a drive signal from a drive circuit; a 
piezoelectric vibrator provided on the substrate for 
undergoing oscillating movement in response to the drive 
signal so as to contact the movable member and generate the 
drive force to drive the movable member; and a [pair of 
support members disposed on the substrate on opposite sides of 
the piezoelectric vibrator] support m^hf y provided on the 
Bi^ pfrr^te for mechanically supporting the piezoelectric 
vibrator on the substrate and transmitting the drive signal 
from the conductor pattern to electrodes of the piezoelectric 
vibrator so that no conductor wires extend from the substrate 
to connect the drive circuit and the piezoelectric vibrator. 

24. (Twice Amended) An ultrasonic motor according 
to claim [1;] 33: wherein the support members jhave an L-shaped 



form, one leg of ^a^^]^ortJ)member is fixedly attached to 



the substrate, and another leg of (each support member is 
fixedly attached to the piezoelectric element. 



1 




26. (Twice Amended) An ultrasonic motor according 
to claim [1;] 33: wherein the support members each have an 
1-shaped form with upper and lower portions having a larger 
width than a middle portion, the lower portion of each support 
member is fixedly attached to the substrate, and the upper 
portion of each support member is fixedly attached to the 
piezoelectric element. 
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